ABSTRACT The recent increase in incidence of Kawasaki disease with attendant coronary artery aneurysms spurred our interest in developing a technique for selective coronary arteriographic examination of infants and children. Right and left coronary artery catheters were shaped according to the aortic root diameters and ascending aorta lengths predicted from the patient's heights. Thirty-eight studies were done in 34 patients who were 7 months to 18 years of age (median 3.2 years) and no permanent sequelae resulted. Advantages of the use of selective coronary arteriography include the ability to visualize stenoses, important branches, and intercoronary anastomoses. The technique is also useful in evaluation of anomalous coronary arteries, myocardial ischemia, and coronary artery distribution before right ventricular outflow tract reconstruction. Circulation 68, No. 5, 1021No. 5, -1028No. 5, , 1983 Arteriographic examination was performed after the child's fever subsided and erythrocyte sedimentation rate returned to normal. Although coronary artery bypass surgery has been done in relatively few patients with Kawasaki disease in Japan and the United States, the potential need for such an operation does exist in the event that antithrombotic drug therapy is not initiated in a timely manner or is discontinued prematurely, resulting in myocardial ischemia or infarction. Such surgical interventions are predicated on detailed infonnation about coronary artery anatomy and flow pattern.
the risk of coronary artery aneurysms (table 1) , (3) clinical or laboratory findings suggestive of myocardial infarction.
Arteriographic examination was performed after the child's fever subsided and erythrocyte sedimentation rate returned to normal. Although coronary artery bypass surgery has been done in relatively few patients with Kawasaki disease in Japan and the United States, the potential need for such an operation does exist in the event that antithrombotic drug therapy is not initiated in a timely manner or is discontinued prematurely, resulting in myocardial ischemia or infarction. Such surgical interventions are predicated on detailed infonnation about coronary artery anatomy and flow pattern.
Indications for coronary arteriography in patients with congenital heart disease. Arteriographic examination was performed in these patients (1) Left coronary artery. We used the "shepherd hook" configuration similar to the adult left coronary artery catheter described by Amplatz et al. 6 The curvature of the hook approximates that of the aortic root (figure 1). The tip of the catheter should be no longer than 5 mm to avoid wedging or superselective contrast injections.
Right coronary artery. We used the "L" configuration with the tip bent in the direction opposite the shaft. The length of the straight segment between two bends corresponded to the length The points for the fifteen observations are added to obtain the total score. The scores of 0 to 5 points have been associated with a 6% incidence of coronary artery aneurysms; 6 to 8 points with a 27% incidence; 9 or more points with a 44% incidence. RBC = red blood cell; WBC = white blood cell; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein.
ATranslated from Asai.5 BSeparated by 48 hr or longer of afebrile period.
COther causes besides Kawasaki disease must be ruled out.
of the ascending aorta (figure 2). The tip should be short and turned out at a right angle. We measured the aortic root diameter (dimension A in figure  1 ) and the length of the ascending aorta (dimension B in figure  2 ) in angiograms of 30 children with relatively uncomplicated heart disease and with normal aortic anatomy. These dimensions were found to be linearly related to the height, body Based on these findings, we adopted the practical guidelines for selection of coronary artery catheters as shown in table 2.
Catheter insertion, manipulation, and angiography. Pa-FIGURE 2. The design of our pediatric right coronary catheter. The straight segment between the two bends corresponds to the length of the patient's ascending aorta as measured from the lower border of the right sinus of Valsalva to the point immediately distal to the origin of the innominate artery (dimension B). patients, special attention was given to the possibility of postoperative bleeding.
Results
The results are summarized in aneurysms could be seen after both aortic root and selective injections, but small aneurysms are often not visualized during aortic root study. More subtle abnormalities, such as obliterative and stenotic lesions, and exact sites of intercoronary anastomosis were visualized only by selective study. AA large aneurysm is arbitrarily defined as the one the diameter of which is more than twice that of the native coronary artery.
After selective right coronary injections normal structures such as conus branches, sinus node arteries, and posterior descending and atrioventricular nodal branches were more consistently visualized than in aortic root studies. Although proximal large aneurysms could be seen equally well in both types of studies, sluggish blood flow distal to a large proximally located aneurysm made it difficult to define the normal and abnormal structures by aortic root injection 10 Due to their fine resolution, in selective studies precise anatomic details can be observed including (1) origins and courses of important branches, (2) occlusions or stenoses, and (3) collateral connections between the right and left coronary arteries. In particular with regard to Kawasaki disease, the exact location of coronary artery aneurysms and their relationships to major branches can be delineated more clearly by selective coronary artery injection than by aortic root injection.5' 10 Coexisting stenotic or obliterative lesions may be discovered (figures 3 through 5) only by selective angiography. Also, selective studies often revealed sluggish nonlaminar blood flow characteristics.
The major disadvantage of the use of selective coronary arteriography in children lies in its potentially higher risk compared with aortic root injection. Death due to laceration of the intima of a coronary artery has been reported.9 Because of the small internal diameters of coronary arteries in small children, the catheter tip may totally occlude a vessel, causing transient myocardial ischemia. Also, because of the short distance between the ostium and the first branching point, the catheter tip may be inadvertently advanced beyond the main stem of the right or left coronary artery, causing total occlusion of a major branch. Furthermore, a child may be uncooperative and move around during the study, increasing the danger of inadvertent advancement or retraction of the catheter. Although we do not have quantitative data, younger children may not tolerate repetitive direct injections of contrast medium into their coronary arteries as well as adults. Ventricular fibrillation occurred in one patient after the fifth injection into the left coronary artery. Small children also cannot be counted on to cough on command to raise the coronary perfusion pressure to facilitate clearing of the dye from the vascular bed."
The obvious advantage of aortic root injection is its relative safety. However, there are some disadvantages. To adequately visualize coronary arteries with the use of root injections, we found that the volume of contrast material injected must be about 1 ml/kg of the patient's weight. The catheter tip must be placed close to the aortic valve. Frequently the catheter tip will CIRCULATION reside in the right coronary sinus of the aortic valve. Thus, the right coronary artery will be preferentially opacified, while the left coronary artery may be poorly filled. Furthermore, in the left anterior oblique projection in which the right coronary artery is demonstrated best, the proximal portion of the left anterior descending branch is obscured by the densely opacified aorta. In the presence of a large aneurysm in either coronary artery, blood flow beyond the aneurysm may become so sluggish that even a large bolus injected into aortic root may not result in adequate opacification.
Few reports have been published on selective coronary arteriography in children. 4 years of age including one 6-monthold infant. The majority of patients with Kawasaki disease are under 4 years of age. Furthermore, most patients with congenital anomalies of coronary arteries become symptomatic during infancy and early childhood. Thus, there is need for a safe and efficient method of performing selective coronary arteriographic examination in young children and infants.
The present catheter configurations, designed based on aortic dimensions predicted from height of the patient, will facilitate entry into both coronary orifices with minimal catheter manipulation and thus low risk. The short tip minimizes the risk of wedging. Also, unlike the Judkins-type catheter, our left coronary catheter does not use the primary curve as the pivoting point against the aortic wall in order to "spring" its tip into the coronary ostium, thus increasing the risk of intimal shearing. To further reduce the risk involved with coronary arteriography, a number of precautionary measures must be taken including (1) adequate sedation, (2) use of systemic anticoagulant, (3) monitoring of pressure through the catheter tip except during contrast injection, (4) avoidance of introduction of air emboli, and (5) aortic root injection should be used for the younger group of patients until smaller catheters are designed and tested.
Indications for selective coronary arteriography. Selective coronary arteriography may be of diagnostic value in the following clinical situations in addition to that of Kawasaki disease.
(1) Congenital anomalies of the coronary arteries. Most cases of anomalous origin of the left coronary artery from the main pulmonary artery are easily diagnosed by aortic root injection. There are times, however, when this condition is difficult to distinguish from atresia or severe stenosis of the left coronary ostium. In such cases, selective coronary arteriography may be useful. The coronary artery arteriovenous fistula may be more precisely delineated by this technique.9
(2) Preoperative evaluation of complex congenital heart disease. With advances in reparative surgery for tetralogy of Fallot,4 double-outlet right ventricle, single ventricle, and other anomalies, feasibility of reconstruction of an outflow tract with patch material or a conduit may be determined after the coronary artery distribution over the ventricular surface in question is visualized. Anomalies in the courses of coronary branches may be recognized before surgery. The younger the patient, the more important this becomes because of the relatively small surface area of the heart that is available for placement of a conduit or patch.
(3) Evaluation of myocardial ischemia. In the presence of angina pectoris with or without electrocardiographic changes, one must look for such entities as myocardial bridge and atherosclerosis.'0 (4) Cardiac tumor. When a myocardial tumor is suspected, its line of demarcation and blood supply should be demonstrated before consideration of surgical removal.'0
